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Abstract— Autonomous vehicles are believed to change the 
way we will perceive travel time as the car would no longer be 
driven by a person, enabling other activities to be performed 
during the time normally used for controlling the vehicle. 
Especially for private car commuting, scholars suggest that the 
value of travel time would decrease substantially due to the 
possibility to work during the car ride. Travel distance might 
increase in return, as time used during commuting will not be 
perceived as time lost. This could lead to the preference of living 
in rural areas, where land prices and rents are typically lower, 
and, ultimately, to urban sprawl. By looking at the jobs and 
mobility characteristics of the Swiss population, we argue that 
only a small percentage of the total population would actually 
benefit from active use of travel time during commuting, taking 
away the fear of urban sprawl through automated vehicles.  
I. INTRODUCTION 
Through the emergence of the digital age, automated 
driving is no longer a dream. Many countries around the world 
already adopted fully automated vehicles (AVs) in test tracks, 
or already integrated these into the public transport network 
(e.g. [1]). But also private car manufacturers equip their cars 
with automated features. Tesla, for example, includes 
automated lane shifting, lane tracking and automated breaking, 
to name a few [2]. Moreover, the distributed communication 
amongst automated vehicles is expected to increase efficiency 
in road transport and make traffic more fluid (reducing 
congestion and emissions) as well as safer, since fewer errors 
are expected in comparison to human driving [3]. Also, 
considering that the car fleet necessary to satisfy travel 
demand could be reduced substantially within a sharing-based 
mobility model, with estimates ranging between 46% to 91% 
in vehicle fleet reduction [4], many stakeholders and scholars 
emphasize the importance of a shared automated taxi fleet 
instead of private ownership [5], [6]. Stoiber et al. [7] for 
example, showed that the Swiss population would be open 
towards a shared and automated taxi fleet. Despite these 
anticipated positive effects, researchers also stress the 
importance to investigate potential negative rebound effects. 
With increased comfort through higher accessibility [8], 
enhanced entertainment [9] and reduced costs [10] demand 
could rise, increasing congestion and emissions again. Another 
potential rebound effect recognized by research is urban 
sprawl. Urban sprawl may be induced by a low value of travel 
time during commuting within a fully automated car with no 
driver, since travel time would not be perceived as time lost 
anymore. This may lead to a higher acceptance of longer travel 
distances and, ultimately, a preference for low density 
residential choices where typically housing costs are lower. 
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However, with ongoing population growth, densification is an 
important measure to counteract uncontrolled consumption of 
green spaces, which not only endangers the natural habitat [11] 
but also quality of life [12]. Urban sprawl would also lead to 
increased infrastructure costs as, for example, a longer and 
more dispersed sewer network would be needed [13]. Despite 
the very current topic and knowledge about potential rebound 
effects from AVs, few studies considered the actual percentage 
of the population who could benefit from the active use of 
travel time during commuting and, as such, represent a 
potential contributor to urban sprawl. To close this gap, we 
estimated the percent of the Swiss population who could make 
use of travel time during the commute by a two-step cluster 
analysis. The data used for this study stems from the Mobility 
and Transport Microcensus (MTMC), a nation-wide travel 
survey conducted every five years [14].  
II. BACKGROUND 
A. Potential drivers of urban sprawl through AVs 
Different factors could have an influence on increased 
urban sprawl due to the diffusion of AVs. First and foremost, 
many scholars suggest that vehicle occupants could spend 
travel time for other activities than driving, reducing costs of 
travel and congestion [15]. Gelauff et al. [16] for example 
apply a 20% reduction in value of travel time for trips longer 
than five kilometers in their spatial equilibrium model, 
suggesting a potential increase in urban sprawl from Dutch 
cities. Meyer et al. 2017 argue that a jump in accessibility 
through AVs could favor urban sprawl [8]. Contrary, [17] 
argues that shared fully autonomous vehicles will not lead to 
urban sprawl as city centers get more attractive with low 
waiting times for the service, attracting senior households to 
move closer to the city center. In addition, younger households 
would not move into rural areas because of the high waiting 
times of the service and lack of quality education [17]. 
Similarly, Milakis et al. [18] summarized the views of 
international accessibility experts into three distinctive views, 
where one group of experts expect a densification due to lower 
car ownership, resulting in less parking demand in cities. 
However, the same experts also recognize the possibility of 
further suburbanization of cities. Another group of experts 
expects a relocation to outer areas, whereas the last group of 
experts do not have a clear view on land use changes. 
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B. Active use of travel time – for whom? 
Only a very limited number of studies investigated the 
population, which could benefit from the active use of travel 
time during commuting. Yet this is important in the discussion 
about potential unwanted effects like urban sprawl since only 
if the tasks done during the commute substitute tasks one 
would have to do anyway, such as sleeping or working, one 
would accept longer commuting times [19]. Correia et al. [20] 
further show through a stated choice experiment that the value 
of travel time within an AV would only be lower for 
commuting activities as compared to conventional vehicles 
with a driver, finding no effect for leisure activities. While this 
experiment stresses the importance to specifically investigate 
potential urban sprawl through a lower value of travel time in 
commuting, the results do not tell which percentage of the 
population would be affected. In this context, it should also be 
noted that not all jobs require tasks that can be done in a car 
(e.g. working on a laptop or reading). A distinction of user 
types is therefore necessary to understand the share of 
population which may really make an active use of time while 
traveling in an automated vehicle. 
Finally, several studies show that car sickness may affect a 
large part of users who want to perform activities like reading, 
working on a computer or watching a movie [21]–[24]. Hence, 
for a majority of users, doing some key working activities will 
only be possible on selected road types like highways where 
the driving dynamics is smoother and less likely to trigger car 
sickness. 
III. METHODOLOGY 
Building on the observations presented in Section II, we 
define following research questions: 
 R1: Are there different groups with regard to their 
suitability to work during commuting? 
 R2: How do the groups differ concerning socio-
economic characteristics and mobility behavior? 
 R3: What percent of the Swiss car commuters could 
benefit from active use of travel time during 
commuting within an AV? 
In order to answer these questions we analyzed data from 
the MTMC. The MTMC is the most sophisticated transport-
related survey in this regard. More than 57’000 participants, 
randomly drawn from the Swiss population, are asked about 
common socio-demographic characteristics and mobility 
behavior. In addition, origin-destination data is gathered for 
whole trips and trip legs, allowing very distinct analysis of 
travel characteristics. Particularly, each trip leg is categorized 
by road type, i.e. whether the road is a highway, major road or 
more locally connecting roads. The survey has been conducted 
by the Swiss Federal Statistical Office (FSO) and the Swiss 
Federal Office for Spatial Development (ARE) since 1974 and 
takes place every five years. The newest MTMC is from 2015.  
We applied a data driven approach to cluster the Swiss 
population using the two-step procedure implemented within 
SPSS Statistics version 26. The two-step approach combines 
the advantages of both, hierarchical and k-means clustering 
methods, yielding better balanced groups and is especially 
suitable for large data like the MTMC [25]. Another asset of 
the two-step approach refers to the optimal number of clusters 
being defined by the algorithm instead of heuristic decisions 
by the user, eliminating potential estimation bias.  
Based on the literature about active use of travel time and 
associated difficulties due to car sickness and assuming, 
therefore, that driving on highways or major roads would be a 
prerogative for a comfortable use of travel time for working 
tasks, we defined the following three variables as input 
parameters for the two-step cluster algorithm: 
 Average kilometer driven on highways 
 Average kilometer driven on other major roads 
 Age 
Age was chosen to include variability in socio-economic 
characteristics of the groups. In order to assess the suitability 
of each group to use travel time for working tasks, we 
considered the following four parameter: 
 The share of the group within the whole sample 
 Share of industry sectors, with working tasks suitable 
for automated driving 
 Share of commuting trips with at least one trip leg on 
highways or other major roads between countryside 
and city/agglomeration (as the smaller streets could 
lead to travel sickness) 
 Percentage of people living in cities or agglomeration 
The MTMC summarizes the various professions by the 
following 10 categories: military service / administration and 
leadership / scientists / technicians and non-technic 
professions / office and trade / personal services and sales 
personnel / agriculture and fishery / craftsmanship and similar 
jobs / machinery operator and assembly / unskilled labor. 
During the following analysis, we assume that especially the 
categories administration and leadership, scientists and office 
and trade could benefit from the active use of travel time 
during autonomous commuting, since these comprise 
occupations which mostly require tasks compatible with an 
office environment.  
 Furthermore, we calculate the share of commuting trips 
with at least one trip leg on highways or other major roads 
between countryside and city/agglomeration with the 
following information: the mode used per trip leg (car as a 
driver and car as a passenger), purpose of the trip leg (whether 
for working, studying or returning home), trip legs on 
highways, other major roads, secondary roads and local 
connecting roads, place of living (city, agglomeration and 
countryside) and place of work (city, agglomeration and 
countryside).  
In order to assess the quality of the results, we checked the 
cluster size ratio, silhouette measure for cohesion and 
separation and the interpretability of the variation within the 
variables among clusters. Furthermore, we analyzed the 
change in Akaike’s Information Criterion (AIC) for cluster 
solutions starting from one to fifteen clusters. The cluster 
solution with the highest ratio of distance measures indicates 
the best separation without losing interpretability due to too 
many clusters. As clearly visible within TABLE I, the optimal 
  
cluster solution would be five, which has been detected by the 
auto-clustering algorithm of the two-step procedure. 
TABLE I.  AUTO-CLUSTERING 
Number 
of 
Clusters 
AIC AIC Change 
Ratio of 
AIC 
Changes 
Ratio of 
Distance 
Measures 
1 21731.52    
2 15310.43 -6421.09 1.00 1.71 
3 11551.50 -3758.93 0.59 1.56 
4 9149.50 -2402.00 0.37 1.30 
5 7309.79 -1839.71 0.29 2.27 
6 6504.85 -804.93 0.13 1.22 
7 5846.06 -658.79 0.10 1.11 
8 5256.44 -589.63 0.09 1.31 
9 4809.56 -446.88 0.07 1.03 
10 4374.09 -435.47 0.07 1.33 
11 4048.47 -325.61 0.05 1.14 
12 3764.86 -283.61 0.04 1.22 
13 3533.90 -230.96 0.04 1.04 
14 3313.21 -220.69 0.03 1.40 
15 3159.23 -153.97 0.02 1.20 
IV. RESULTS 
Within this section, we will first describe the segments 
according to their socio-demographic and mobility-related 
characteristics. Second, we derive the percent of the 
population able to work in an AV per segment and of whole 
Switzerland. 
A. Segments 
The two-step cluster algorithm generated five clusters by 
utilizing the information of age, kilometers driven on 
highways and kilometers driven on other major roads. In order 
to be able to analyze the kilometers driven per trip leg, we 
expanded the cluster membership for each trip leg of the same 
person (as the MTMC captures all trip legs from the same 
person within one day). Only the cases with trip legs used for 
commuting (working, studying and returning home) were used 
for the remaining of the paper. The cluster solution is shown 
in Figure 1.  
 
 
 
 
 
 
 
 
Figure 1.  Percentage of cases within each of the five clusters who use the 
car for commuting. 
The ratio of the largest to the smallest cluster is around 6.5. 
Yet only cluster 1 is considerably different in size than the 
other four clusters, remaining with 1084 cases. As the number 
of cases exceed 1000 we consider the cluster solution as 
suitable for further analysis. The silhouette measure for 
cohesion and separation is roughly 0.5, indicating a medium 
cluster separation quality. Yet most importantly, the 
differences within the clusters need to allow meaningful 
comparisons and naming of the respective groups, which we 
will address in the subsequent chapter. 
TABLE II provides an overview of the characteristics of 
the three input variables and other variables included in the 
analysis. This information can be used to describe and 
characterize the groups in more detail.  
TABLE II.  MOBILITY BEHAVIOUR AND SOCIO-DEMOGRAPHICS 
Variable Cluster 
1 
Cluster 
2 
Cluster 
3 
Cluster 
4 
Cluster 
5 
Average number 
of km driven on 
highways for 
commuting per 
day 
2.7 4.6 1.5 33.4 1.7 
Average number 
of km driven on 
other major roads 
for commuting per 
day 
1.4 12.0 1.3 6.9 2.1 
Average number 
of km driven on 
secondary roads 
for commuting per 
day 
1.9 2.1 2.4 2.7 2.4 
Average number 
of km driven on 
local connecting 
roads for 
commuting per 
day 
4.5 5.3 5.2 5.1 5.1 
Percentage of trips 
with at least one 
leg on a highway 
or other major road 
between 
70% 96% 74% 96% 72% 
5%
20%
34%
25%
16%
Cluster sizes (n = 21'052)
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
  
Variable Cluster 
1 
Cluster 
2 
Cluster 
3 
Cluster 
4 
Cluster 
5 
countryside and 
city/agglomeration 
Average 
commuting time in 
min (return) 
27.1 39.8 26.0 54.5 26.1 
Age in years  65.4 49.6 48.0 37.8 21.7 
Household size  2.0 2.8 3.0 2.9 3.3 
Percent of the 
working categories 
suitable for 
autonomous 
commuting 
40% 43% 39% 44% 25% 
Percent of part-
time workers 
(without 
pensioners) 
43% 27% 32% 20% 16% 
Percent woman 35% 34% 41% 33% 42% 
Percent living in 
cities or 
agglomeration 
80% 70% 74% 75% 71% 
 
With an average age of just over 65 years, the first group 
is well above the average age of all groups (43 years). 
Furthermore, even though the car is the main means of 
transport, this group covers very small distances for 
commuting, has the smallest household size and the highest 
percent of part-time workers (43%). In summary, we describe 
this group as the Car-affine seniors. 
The second group is on average 50 years old, is mainly 
commuting by car on other major roads (Ø 12km) and has an 
above-average percent of suitable professions for autonomous 
commuting compared to the other groups (43%). With regard 
to other variables, this group is predominantly in the midfield. 
We call this group the Regional active group. 
The third group shows a high proportion of women (41%), 
an above-average number of part-time workers and also the 
lowest average commuting time. The distances travelled on the 
various road categories are low, but mainly on local 
connecting roads (Ø 5.2km). We therefore refer to this group 
as the Part-time locals. 
The fourth group is distinguished from the other groups by 
the long distances travelled on highways. With a total (return) 
distance of 33km on highways and a further 7km on other 
major roads, people in this group spend up to 55 minutes per 
day in the car for commuting. The average age of the group is 
38 years and 44% of the members in it have an employment 
based on office compatible activities. We thus name this group 
the Convinced car commuters. 
In the fifth and last group there are mainly pupils, students 
and workers from agriculture and construction. Accordingly, 
the average age of 22 years is significantly lower than the other 
groups. In addition, this group has the largest household size. 
This is due to the fact that a large proportion live at their 
parents' house, and comparing the household size across the 
various occupational fields reported within the MTMC, people 
from the construction and agricultural industries generally 
have a larger household size compared to other occupational 
fields. Similar to group three, people in this group move 
mainly on local connecting roads (Ø 5.1km). In the following, 
we refer to this group as the Local young drivers. 
Figure 2 summarizes the main differences among the five 
groups in a spider chart. The highest value per group 
corresponds to 100%, whereby the remaining groups are 
relative to the highest value amidst groups. 
 
 
Figure 2.  Spider chart with information about highway and other major 
road use, commuting time, age, part time workers and suitable professions. 
B. Percent of the population able to work in an AV per 
segment 
We see from the above analysis that especially the 
Regional actives and the Convinced car commuters exhibit 
characteristics in favor of using the travel time for working 
tasks, because they have a high average commuting time and 
long distances on highways and other major roads. To get a 
better understanding of the order of magnitude of people 
which may benefit from an active use of time, we calculate the 
proportion of Swiss people suitable for working while 
commuting in an autonomous vehicle for each group 
according to the criteria mentioned in section III. The 
following calculations assumes a total number of car 
commuters in Switzerland of 2,156,000 based on available 
figures from 2016 [26],  
Group one, Car-affine seniors: Measured in terms of the 
proportion of the population who use cars as their main 
commuting mode, the proportion of Auto-affine seniors is only 
five percent. Administration and leadership, scientists as well 
as office and trade make up 40 percent of the professions in 
group one. This group’s car commuting trips between the 
countryside and the city/agglomeration with at least one leg on 
a highway or other major road account for 70 percent of all 
trips. Last, 80 percent are living within the city. As such, the 
population would correspond to 25,052 persons in 
Switzerland.  
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Group two, Regional actives: The next group accounts for 
21 percent of all groups. In comparison to the first group, the 
sectors in which working during autonomous commuting 
would be possible is slightly higher (43%). With 96 percent of 
commuting trips with at least one trip leg on highways or other 
major roads between the countryside and the 
city/agglomeration, this group has a higher potential for 
working while commuting in an AV. Yet the percent living in 
the city or agglomeration is slightly smaller (70%). This group 
would correspond to 127,764 persons in Switzerland. 
Group 3, Part-time locals: Part-time locals are the largest 
group, accounting for roughly 34 percent of the total sample. 
Around 39 percent of the occupations would be suitable for 
work while commuting in an AV. However, the number of 
trips with at least one leg on highways or other major roads 
between the countryside and the city/agglomeration account 
for only 74 percent. Seventy-four percent of the population are 
living within the city or agglomeration. The total population in 
Switzerland would account to 155,968 persons. 
Group 4, Convinced car commuters: With 25 percent of 
the total sample, the Convinced car commuters are a larger 
group. Furthermore, 44 percent of the professions in this group 
are suitable for automated commuting. In the end, the 
Convinced car commuter’s trips with at least one leg on 
highways and other major roads between countryside and the 
city/agglomeration account for 96 percent. Last, 75 percent are 
living within the city or agglomeration. Therefore, this group 
would correspond to 169,916 Swiss persons.  
Group 5, Local young drivers: The last group, the Local 
young drivers, make up 16 percent of the total sample and are 
therefore a smaller group. Only 25 percent of the professions 
would be suitable for working during the commute. In 
addition, 72 percent of trips between the countryside and the 
city/agglomeration are driven with at least one trip leg on 
highways or other major roads. In comparison to the other 
groups, a smaller percent of people are living in the city or 
agglomeration (71%). Accordingly, this group would 
represent 42,222 persons in Switzerland. 
In light of the above results, the combined population 
suitable to work in an autonomous vehicle is around 520,921 
persons in Switzerland, which is roughly 24 percent of the total 
population commuting to work by car. 
V. DISCUSSION 
With 24 percent of the total car commuter population 
suitable to actively use the travel time for work, we see a low 
risk in increased urban sprawl from autonomous commuting. 
It is important to consider, in this context, that many different 
factors influence housing location choices (e.g. family status, 
availability of leisure activities [27]), the potentials of 
autonomous commuting being only one further possible 
element.  
Since there is little experience with automated driving yet, 
we acknowledge the uncertainty in some of the assumptions 
made. We do not know yet if there will be a major mode shift 
to autonomous cars from people previously using public 
transport. However, the general trends and focus of sustainable 
mobility planners lies in car-free households and strengthening 
public transport, within a general push for urbanization. 
Moreover, while there are expectations for AVs to conquer the 
market in the long-term, the rate is uncertain due to policy 
aspects and the potentially negative effects of mixed traffic. 
One further important assumption in the discussion above 
concerns the professions suitable to work in an AV. Sectors 
based on office work could increase in the future with further 
digitalization of the economy. This would mean that, 
potentially, more people would be involved in jobs requiring 
activities, which could be done in a moving car. However, 
when including the share of trips on the highway or major road 
in the picture and considering that many jobs like service 
delivery, construction work or maintenance will still be needed 
in the future, we estimate this effect to remain small. 
Furthermore, not all people having professions we defined as 
suitable for working in an AV will exploit this possibility. 
Similarly, some people from categories defined not suitable 
may find some tasks suitable to be performed in an AV. All in 
all, one could expect the overall effect to level out. Another 
assumption was that only streets without too many curves and 
uneven surfaces (highways and other major roads) would be 
suitable to work while commuting due to travel sickness 
issues. While some ideas to counteract this problem are 
already in development, see for example [24], it is not known 
yet how effective and compatible these measures will be with 
an extensive use in the car. We further assumed that 
commuting time does not affect the possibility to work within 
an AV. In reality, however, only a share of working tasks can 
be done within a limited time range and it is not clear whether 
or not commuters would start working unless the trip duration 
exceeds a certain time. The share of trips driven on highways 
or other major roads between the countryside and the 
city/agglomeration exceeding five, 10 and 15 minutes are 
shown in TABLE III. If we introduce the assumption that it 
would only make sense to start working on trips longer than 
five, 10 or 15 minutes, the number of trips suitable for working 
reduces significantly. 
TABLE III.  CAR TRIPS BETWEEN THE COUNTRYSIDE AND THE 
CITY/AGGLOMERATION – TIME USE 
 Car-
affine 
seniors 
Regional 
actives 
Part-
time 
locals 
Convinced 
car 
commuters 
Local 
young 
drivers 
Total 
population 
suitable to 
work 
Share of 
trips 
exceeding 
five 
minutes 
88% 93% 82% 92% 83% 21% 
Share of 
trips 
exceeding 
10 
minutes 
82% 83% 70% 86% 66% 19% 
Share of 
trips 
exceeding 
15 
minutes 
65% 58% 52% 78% 45% 15% 
 
We conclude by observing that there seems to be a common 
agreement that a shared and pooled autonomous fleet would 
be beneficial over private autonomous vehicles in many 
aspects [28], [29]. It should be noted, however, that the 
assumption of a lower value of travel time in AVs should then 
be made with further care, since the range of suitable working 
  
tasks or activities might be reduced when sharing the same 
car with other commuters. 
VI. CONCLUSION 
In this paper, we differentiated the Swiss car commuters 
through a cluster analysis and investigated the suitability of 
these groups to work in an AV. The aim was to identify what 
part of the population may use travel time for working 
purposes and, ultimately, lead to urban sprawl through the 
acceptance of longer trips. We find that only 24% of the total 
car commuters living in the city or agglomeration exhibit 
characteristics that would allow working tasks during the 
commute. Taking into account that a multitude of factors are 
relevant in the decision of living in the countryside or stay 
within the city or agglomeration, we conclude that a 
considerably lower fraction of this 24% of population is likely 
to choose a housing solution in a sprawled region due to the 
advantages of automated driving. As such, the danger of 
urban sprawl due to automated driving is here deemed as 
small. 
The generalizability of these results to other countries 
needs to be considered with care. Countries like the US, 
Canada or Germany have a more dispersed and flat road 
network, lowering the chance of travel sickness and therefore 
increase the potential for active time use in the car. Specific 
trip characteristics like duration, length and road types need 
to be taken into account when evaluating the true potentials 
of automated driving. 
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